Pathway Commons is an aggregation of a significant number of publicly available pathway databases accessible in the BioPAX format and through a web interface (Cerami et al ., 2010) .
The Network Data Exchange (NDEx) is a repository where scientists can upload, share, and distribute networks with fine-granular user rights management (Pratt et al ., 2015) . It accepts many formats (BioPAX, BEL, simple interchange format, etc.) and uses CX as a latent storage medium. It has a rudimentary network query systems (e.g. search for nodes and their neighborhoods) and tight integration with Cytoscape to fill in missing features in network analysis and to provide in-browser visualization with high customization.
GraphSpace is a service for uploading, sharing, and viewing networks in the Cytoscape format (Braradwaj et al ., 2017) . While it has the benefit of being domain-agnostic, it has begun to identify and address the issue of layouts in visualization of biological networks.
The Causal Biological Networks Database is a repository for manually curated biological knowledge assemblies encoded in Biological Expression Language (BEL) (Boué et al ., 2015) . It provides a BEL-specific viewer and the ability to export in simple interchange format (SIF) and JSON graph interchange format (JGIF) for use in general network visualization programs. Additionally, its underlying data is partially dependent on the SBV Improver , which extends current knowledge assemblies using crowdsourcing in a semi-automated text mining pipeline for relation extraction from biological literature (Meyer et al ., 2015) .
NeuroMMSig is a repository of manually curated biological knowledge in the domain of neurodegenerative disease that focuses on the application of a mechanism enrichment algorithm to identify patient subgroups in clinical data sets (Domingo-Fernández et al ., 2017) . It also provides data integration of clinical and molecular data and a viewer for qualitative observation. Topological analysis, enrichment analysis.
Application
Create Edit Integrate Share Visualize Data-Driven Analysis Cytoscape.js (Franz et al. , 2015) An in-browser Javascript library for creating network visualization PathVisio (Kutmon et al. , 2015) Biological pathway drawing and analysis tool D3.js An in-browser Javascript library for creating a variety of visualization CellDesigner (Matsuoka et al ., 2014) A biologically-oriented editor for gene-regulatory and biochemical networks (Pedregosa, et al ., 2012) to take advantage of their fast implementations of matrices and mathematical operations in C, C++, and Fortran. Network algorithms, including attribute selection and path finding algorithms, were all implemented using NetworkX (Hagberg et al., 2008) and derivative classes of the networkx.MultiDiGraph class in PyBEL ( Supplementary 
Supplementary

Tutorial
A tutorial and accompanying data to reproduce the analysis presented in Figure 5 of the manuscript can be found on GitHub at https://github.com/cthoyt/bel-commons-manuscript .
